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ABSTHACT 

Hadioactive  platinum  197  was  used  at  a  tractr  in  tht  examination 
of  factors  influencing  anodic  platinum  lottos  in  aqueous  chlorate  and  per¬ 
chlorate  electrolytic  solutions.  Lottte  were  greatest  in  the  presence  of 
chlorides  and  were  probably  attributable  to  the  formation  of  soluble  oxy¬ 
chlorides  by  reaction  of  chloride  ions  with  platinum(IV)  oxide  or  platinum(VI) 
oxide  at  the  electrode  surface.  Losses  were  negligibly  small  in  chlorate 
solutions  in  the  absence  of  chloride  ions. 
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IHTBODUGTIOH 


Although  much  time  and  effort  has  hssn  devoted  to  establishing  ths 
idsal  conditions  for  ths  anodic  oxidation  of  ehlorats  to  psrchlorats,  littls 
has  hssn  puhlishsd  about  anodic  platinum  lossss  in  such  calls .  On  a  labors, 
toxy  seals  this  loss  of  platinum  is  insignificant;  however,  in  ths  Indus, 
triad,  operation  of  psrchlorats  calls  it  is  a  subject  of  great  concern. 

Tory  littls  data  has  appeared  in  ths  literature  concerning  ths  in. 
fluence  of  ths  various  factors  on  anodic  platinum  loss  except  that  observed 
in  industrially  operated  psrchlorats  cells.  Among  ths  few  laboratory  re. 
suits  are  those  of  Schumacher1,  who  reported  that  with  a  laboratory  call 
set  up  to  deteralne  the  influence  of  temperature,  current  density  and  pH 
on  anodic  loss  of  platinum,  ths  platinum  loss  increased  with  increasing 
temperature  in  the  range  4o  degrees  C.  to  65  degrees  0.  and  with  increasing 
current  density  in  the  range  2  to  3  amperes  per  square  inch.  Observations 
on  Industrially  operated  perchlorate  cells  support  Schumacher's  findings 
with  the  added  indication  that  platinum  lose  is  highest  at  low  pH2.  Un¬ 
fortunately,  such  factors  as  high  current  density  and  low  pH  whioh  favor 
high  platinum  loss  also  favor  high  current  efficiency  for  perchlorate  pro¬ 
duction  so  that  it  is  usually  necessary  to  compromise;  the  goal  being  the 
highest  ourrent  efficiency  with  lowest  platinum  loss.  Platinum  losses  range 
from  }  mg.  to  about  12  mg.  per  kilogram  of  perchlorate  formed. 

1J.  0.  Schumacher,  Trans,  lloctrochem.  Soc.,  £2,  45  (1947)* 

2 

Pennsylvania  Salt  Hfg.  Company,  Technical  Report  to  the  Office  of  I  aval 
lesearoh,  Ohemietry  Branch  (Contract  Vo.  Vonr.37?(00)  )  August  31,  1951* 
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The  woric  reported  In  the  following  toot ions  was  undertaken  in  ordwr 
to  determine  mors  spscif ically  ths  reasons  for  anodic  platinum  losses  in 
perchlorate  cells.  Badioaotiwe  tracers  were  used  in  order  to  detect  ex¬ 
tremely  small  amounts  of  platinum,  thus  permitting  a  more  detailed  analy¬ 
sis  of  trends. 


APPARATUS,  MATXRIAL3,  AID  MIT  HOPS 


Use  t  roly  tic  Cells. 

Ilectrolysis  was  car r ltd  out  In  400  al.  pyrex  beakers,  and  in  the 
experiments  requiring  a  diaphragm  call,  an  unglased  porcelain  cup  of  52 
mm.  diameter  and  100  am.  height  waa  Inserted  into  the  beaker  to  serre  as 
the  anode  cosqpartment. 

In  cella  without  a  diaphragm,  ths  electrolyte  was  stirred  with  an 
air  stirrer  provided  with  a  stainless  steel  propeller  coated  with  "Ucllon".* 

In  the  diaphragm  cell,  Just  the  anolyte  was  agitated  with  a  smaller  glass 
propeller.  Anodes  were  fabricated  from  0.002  inch  thick  purs  platinum 
sheets  and  were  1  cnux  1  cm.  Saoh  anode  was  provided  with  a  email  tab  to 
whioh  a  wire  lead  was  connected  by  folding  the  tab  over  the  wire  then  pressing 
the  tab  securely  against  the  wire  in  order  to  assure  electrical  eontaet 
and  good  mechanical  support.  A  one-half  inch  long,  So.  l6,  platinum  wire, 
sealed  in  Pyrex  glass  and  supported  by  a  glass  bridge,  served  as  the  lead 
to  the  anode.  The  sealed  in  end  of  the  platinum  wire  was  soldered  to  a 
six  inch  long  copper  wire. 

Radiochemical  Measurements. 

The  quantitative  determination  of  platinum  was  done  by  measurement 
of  the  activity  of  radioactive  platinum  197.  Tk*  electrodes  and  a  small 
pleoe  of  platinum  sheet  of  known  weight  were  thoroughly  eleaned  with  hot 
concentrated  nitric  acid  and  then  irradinted  in  the  X-10  reactor  at  Oak 
Ridge  for  24  hours.  Trom  the  known  weight  of  the  platinum  the  specific 
activity  was  dstensined  and  used  in  subsequent  measurements  for  determina¬ 
tion  of  platinum.  Together  with  the  18-hour  platinum  197  there  is  also 

*Unlted  Chromium,  Ino.,  protective  coating  material. 
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formed  in  the  reactor  the  31-ainute  platinum  199*  which  decays  to  3* 3-day 
gold  199^  giving  rise  to  the  prohlen  of  dietlngulshing  between  the  plati. 
nun  and  gold  activities.  This  was  accomplished  by  counting  the  samples 
as  soon  as  possible  and  counting  again  at  a  later  time,  when  the  platinum 
197  activity  was  negligible.  This  activity  attributable  to  gold  199  was 
extrapolated  to  the  time  of  the  first  count  and  subtracted  from  It.  the 
difference  being  the  platinum  activity.  In  the  later  experiments  a 
Tracerlab  dipping  counter  tube  type  TGO-5  was  used.  Activities  determined 
in  solution  with  that  tube  were  found  to  be  essentially  those  of  the  higher 
energy  beta  particle  of  platinum  197. 

In  earlier  experiments,  the  activity  was  determined  by  placing  a 
small  volume  of  the  liquid  sample  in  weighing  capsules  and  counting  with 
a  Tracerlab  TQG-2  mica  end-window  counter  tube.  Platinum  cathodes  were 
counted  on  both  sides  using  the  same  apparatus  with  the  exception  that 
planohets  were  used  in  place  of  the  weighing  capsules. 

In  later  experiments,  comprising  the  majority  of  those  reported, 
the  dipping  counter  was  used  in  counting  solutions  without  further  pre- 
paration.  Although  the  dipping  tube  was  thoroughly  washed  with  distilled 
water  after  each  count,  the  background  activity,  obtained  by  counting  in¬ 
active  5  B  sodium  chlorate  solution,  varied  sufficiently  to  warrant  an  in¬ 
dividual  background  count  previous  to  eaoh  sample  count. 

In  general  the  activity  of  the  samples  in  the  weighing  capsules 
reached  about  200  counts  per  minute  as  a  sax lata.  With  the  dipping  counter 
tube,  the  activity  ranged  from  100  to  $000  counts  per  minute. 

United  States  Department  of  Oommerce,  Bational  Bureau  of  Standards 
Olreular  Bo.  499,  September  1,  1930* 
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Chloride  Analysis. 

The  ehlo rids  ion  concentrations  wero  approxiaated  turbidimetrieally 
as  silver  chi or id*,  using  an  Ivelyn  photoslsotric  colorimeter  with  a  blus 
fiitsr.  Tor  tbit  aeasureaent,  5  nl.  of  th*  sample  was  added,  with  stirring, 
to  25  nl.  of  0.02  H  silwsr  nitrats  solution  and  allowsd  to  stand  for  5 
ainutss  hsfor*  asasursaent. 

Coprecipitation  Ixperlaente, 

In  an  attempt  to  dstsrain*  ths  platinua  spseiss  in  solution  dus  to 
ths  anodic  dissolution,  ooprscipitation  experiments  wars  carrisd  out  h y 
adding  slightly  soluble  inactive  potassiua  hsxachloroplatinats(IT)  or 
platlnum(IV)  oxids  4-hydrat*  to  fifty  ailliliters  of  ths  active  anolyts. 

Ths  suspsnsion  was  vigorously  agitatsd  for  a  spscifisd  langth  of  tins  in 
a  tost  tub*  4o  am.  in  disaster  and  20  oa.  high. 

Ths  suspsnsion  was  then  centrifuged,  ths  supernatant  solution  diluted 
with  water,  and  ths  activity  dstarainsd  with  a  dipping  tubs.  Ths  precipi¬ 
tate  was  dissolved  and  counted  in  a  like  Banner.  Potassiua  hexachloropla- 
tinats(IT)  was  dissolved  in  a  relatively  larger  amount  of  water  while  the 
hydrated  platinua  oxide  was  dissolved  in  dilute  potassiua  hydroxide.  The 
quantity  of  the  platinua(IT)  oxide  4-hydrate  and  potassiua  hexachloroplati- 
nate(IV)  in  the  filtrate  and  preoipitate  was  deterained  as  potassiua  hexa- 
chloroplatinate(IV)  which  is  insoluble  in  concentrated  aqueous  potassiua 
chloride. 

Ixperlaents  were  also  carried  out  with  hydrated  aluainua  oxide  in 
which  suspensions  were  treated  slailarly  to  those  of  the  platinua  compounds. 
However,  the  centrifuged  oxide  was  suspended  in  1  I  sodlua  hydroxide  and 
the  activity  of  the  solid  phase  deterained  in  the  suspension. 
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Potassium  hexachloroulatlnats(  IV) . 


The  potassium  hexachloroplatinate(IV)  was  prtparad  in  tha  usual 
■anna r  by  dissolving  platinum  ahaat  in  aqua  regia,  evaporating  twica  with 
hydrochloric  acid,  and  precipitating  with  concantratad  aquaoua  potassium 
chloride. 

PlatlnumdV)  oxide  4-hvdrate. 

for  tha  preparation  of  platinum( IV)  oxide  4-hydrate,  a  modification 
of  the  method  described  by  Belluccl^  wae  used.  Sixty  milliliters  of  13  M 
aqueous  sodium  hydroxide  was  added  slowly,  with  stirring,  to  a  solution 
containing  23  ml.  of  fisher,  10  percent  platinum(IV)  chloride  solution  di¬ 
luted  with  an  equal  volume  of  water.  The  solution  was  allowed  to  boil 
gently  on  a  hot  plate  for  a  half  hour,  during  which  time  the  volume  was 
kept  approximately  constant  by  the  occasional  addition  of  water.  On  boiling 
the  orange  color  of  hexachloroplatinate(IV)  changed  to  the  light  yellow 
sodium  platinate(IY) •  The  sodium  platinate(IV)  solution  was  then  cooled 
to  room  temperature  and  added  slowly  and  with  stirring  to  an  ice  cold  solu¬ 
tion  of  70  ml.  glacial  acetic  acid  in  300  ml.  water,  to  which  a  little 
cracked  ice  had  been  added.  At  this  tins  the  pale  yellow  platinum  oxide 
precipitated.  Stirring  was  continued  for  an  hour,  after  which  time  the 
precipitate  was  separated  by  centrifugation  and  washed  twice  with  100  ml. 
portions  of  water.  The  precipitate  was  dissolved  in  a  small  volume  of 
0.1  H  potassium  hydroxide,  filtered,  and  reprecipitated  by  adding  0.1  N 
perchloric  acid  dropwise,  with  vigorous  stirring.  The  platinum(IV)  oxide 
4-hydrate  was  filtered  on  sintered  glass,  washed  with  one  10  ml.  portion 

^Bellucci,  Z.  Anorg.  Cheat.  44,  l6g  (1905). 
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of  water**,  and  dried  in  air  at  room  temperature.  Anal.  Caled.:  Pt,  65.23; 
0  (excluding  H2O),  IO.69.  Pound:  Pt,  64.96,  65.23;  0,  10.47,  10.54. 

The  hydrated  oxide  tend*  to  peptize,  thus  permitting  only  one 
washing. 
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RESULTS 


llectro lytic 

The  first  experiments  wars  carried  out  in  calls  in  which  no  attempt 
was  aada  to  ssparats  anods  and  cathoda  solutions.  Bscauss  of  tha  many 
difficulty  resolvable  rariahlaa,  only  qualitative  ohsarvations  wara  made. 

In  those  experiments  tha  electrolyte  comprised  200  ml.  of  solution  in 
which  tha  total  concentration  of  HaOlO^  and  NaClO^  was  5*3  M.  Anodic 
platinum  loss  waa  determined  in  each  case  after  electrolysis  for  8  hours 
at  a  current  of  0.8  amperes. 

Total  platinum  loss  (active  platinum  in  solution  plus  that  plated 
at  the  cathode)  appeared  to  increase  markedly  at  higher  mole  fractions  of 
perchlorate.  Tha  loss  was  especially  high  in  the  RaClO^  electrolyte. 

Under  otherwise  identical  conditions  the  losses  at  4o  degrees  C.  were  eon. 
siderahly  higher  than  those  at  30  degrees  C.  (about  30  times  for  the  SaClO^ 
electrolyte  hut  only  6  times  for  the  HaOlO^  electrolyte) ,  and  increased 
slowly  from  0  to  1  mole  fraction  of  Va0l04  (moles  HaClOi^/moles  BaOlO^^- 
moles  HaClOj) .  ®he  platinum  plated  on  the  cathode  represented  about  l/lO 
of  the  total  loss  for  chlorate  oells,  and  about  l/5  for  the  cells  contain, 
ing  perchlorate  solutions  only. 

In  addition  to  chlorate  and  perchlorate,  the  anion  most  frequently 

found  in  solutions  of  the  type  under  consideration  is  chloride.  In  order 

to  determine  the  relative  effect  of  the  presence  of  chloride  in  electrolyte 

solutions,  an  experiment  was  dons  in  which  10“^  moles  per  liter  of  VaOl 

was  added  to  3.3  M  IaC10^  solution  and  electrolysis  was  carried  out  at  4o 

degrees  C.  under  the  same  conditions  as  those  mentioned  previously.  The 
total  platinum  loss  was  twice  that  of  the  HaOlO^  with  no  chloride  added. 
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However,  only  a  trace  of  pltfinum  platad  on  the  cathoda.  In  tha  eouraa  of  elec- 
trolyaia  tha  pfi  rose  from  5  to  8  and  tha  chloride  concentration  fell  to  oa  5  X 
10**3  M. 

In  order  to  dataraina  further  tha  affect  of  chloride  on  platinum  lots,  amounts 
of  VaOl  ranging  fron  3  X  10"^  to  1  X  10"^  no let  par  liter  were  added  to  3*3  M 
HaClO^  aolutlon,  which  waa  lO-2  M  in  HOlOj.  and  alaotrolyais  waa  carried  out  for 
a  period  of  8  houra  at  0.55  amperes  and  at  4o  degrees  0.  In  tha  course  of  tha 
experiment  tha  pH  roaa  to  a  value  which  increased  with  increasing  initial  chloride 
concentration.  At  tha  same  time  the  chloride  ion  concentration  decreased  and  the 
platinum  loss  increased.  At  low  chloride  ion  concentration  the  rate  of  loss  in¬ 
creased  with  increasing  chloride  ion  concentration,  but  at  the  higher  concentra¬ 
tions  the  rate  decreased.  It  was  felt  that  the  decrease  in  the  last  experiments 
was  largely  attributable  to  increase  in  pH  due  to  chloride  ion  discharge  during 
electrolysis.  It  is  well  known  that  platinum  losses  may  be  minimised  by  increase 
in  pH,  although  at  the  expense  of  perchlorate  yield. 

Prolonged  electrolysis  of  3.3  M  HaOlO^  solution,  in  the  absence  of  chlorate 
and  chloride,  resulted  in  the  formation  of  a  brown  film  on  the  anode  surface.  In 
experiments  in  which  small  amounts  of  chloride  were  added  the  film  failed  to  ap¬ 
pear  until  the  chloride  concentration  was  negligibly  small.  The  film  was  amor¬ 
phous  so  that  attempts  to  characterise  the  substance  by  X-ray  methods  were  unsuc¬ 
cessful.  The  substance  was  insoluble  in  3  M  chloric  acid,  3*3  £  sodium  chlorate, 
and  concentrated  nitric  acid,  but  was  readily  soluble  in  both  dilute  and  concen¬ 
trated  hydrochloric  acid.  A  hydrochloric  acid  solution  of  the  material  was  shown  to 
contain  platinum  by  addition  of  tin(II)  chloride  and  extraction  of  the  tln(II). 
platlnum  complex  into  ethyl  acetate. 

Although  the  film  did  not  dissolve  in  5*3  M  sodium  chlorate  solution  slectrolysls 
of  such  a  solution  using  the  coated  platinum  as  anode  resulted  in  rapid  dissolution 


of  ths  material 
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Zb  order  to  aaiatain  an  acid  solution  at  the  anode,  in  subsequent  axperi- 
aaato  ealia  were  uaad  la  which  tha  anoljrte  waa  plaead  in  a  porous  cup  aat 
into  a  larger  Tassel  which  contained  tha  eatholyte.  The  acolyte  comprised 
100  al.  of  eleetrolyte  solution  and  the  eatholyte,  150  nl.  of  solution 
which  was  frequently,  although  not  always,  initially  the  same  as  that  used 
as  the  anolyte.  Platinum  losses  were  calculated  on  the  basis  of  total 
platinun  in  both  anolyte  and  eatholyte  solutions. 

PlatinuB  loss  as  a  function  of  tine  is  shown  in  figure  1  for  a 
series  of  experiments  in  which  the  anolyte  waa  composed  of  5*2  moles  per 
liter  sodium  chlorate,  0.01  moles  per  liter  sodium  chloride,  and  0.03 
moles  per  liter  chloric  acid.  In  each  case  the  oatholyte  was  5. 2  M  sodium 
chlorate,  llectrolysis  was  carried  out  at  0.3  amperes  and  at  30  degrees 
0.  The  corresponding  change  in  chloride  ion  concentration  nay  be  seen 
from  the  data  of  Table  1,  which  were  deriTsd  from  the  ease  experiments. 

In  two  experiments  additional  chloride  was  added  after  7  hours  of  elec¬ 
trolysis,  at  which  time  the  initial  chloride  had  been  reduced  to  approxl- 
nately  0.3J&  of  its  original  concentration.  In  those  two  eases  an  addi¬ 
tional  platinum  loss  was  observed,  whioh  appeared  to  be  essentially  a 
function  of  the  concentration  of  chloride  added. 

In  order  to  ninialse  the  effeot  of  chlorides  on  the  anodic  platinum 
loss,  solutions  of  sodium  chlorate  and  sodium  perchlorate,  each  of  which 
was  aade  0.03  M  ln  the  parent  aoid,  were  eleotrolysed  for  10  hours  at  0.1 
ampere  prior  to  their  use  ln  radiocheslcal  experiments.  Results  of  ex¬ 
periments  in  which  those  solutions  were  used  in  the  preparation  of  the  elec¬ 
trolyte  solutions  are  given  in  Table  2,  The  comparable  loss,  for  a  solution 
of  sodium  chlorate  (0.03  M  chloric  acid)  which  had  not  been  pre- electrolysed 
was  l6l  Biorograss  for  7  hours  eleotrolysis. 
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Iigur«  1.  Variation  of  platinua  lots  with  tia*  of  alactrolyai*. 

Condition*;  0.5  ampw,  30  dagraa*  C.  Anolyta;  5.2  g 
laClOj,  0.03  M  HClOj,  0.01.  M  NaGl.  Catholyta;  (initial) 
5«2  g  BaOlOy  (a)  0.005  «»1**  par  lit*r  BaCl  addad  aftar 
7  hour*  (h)  0.01  aola*  par  litar  BaCl  addad  aftar  7  houra. 
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TIME  IN  HOURS 


TABU  1 


Tims  of  Slsetroljrtlo 
(hours) 

Chlorl&t  ion 
ooucsntrstion  (final) 

(solas  par  lltsr) 

0.25 

.  3.5  X  10"3 

1.00 

2.5  X  10"3 

3.25 

2.0  X  10“3 

7.00 _ 

1.0  X  10-5 

11.50 

1.0  2  10"6 

12.50 

5.0  X  10'7 

1*010,  Va010]|  PlatinuB  lost 

(solas  ptr  lltsr)  (solos  ptr  11  tor)  sicro*rast 


5»2  ■  8 

4.2  1.0  7 

1.0  4.2  21 

5.2  174 


Chlorid#  it  a  common  impurity  la  sodium  chloratt.  Although  rtagaat 

gradt  chemioals  wart  uttd,  tha  coaeaatratioa  of  ohloridt  ioa  in  aqueous 

k 

5*2  X  todiua  chlorato  was  at  high  at  2  X  10”  M.  Tha  chlorid#  ioa  eoru 
cent rat ion,  howsvsr,  was  negligible  ia  a  todiua  par chloratt  tolutioa  of 
tha  a  use  coaeaatratioa.  At  a  comparison  with  azpariaantt  using  pre-elec- 
trolysed  solutions  and  to  find  tha  platinum  lota  at  a  function  of  acidity, 
electrolysis  arpariaants  war#  carried  out  using  5.2  U  XaOlOj  and  5*2  M 
VaClO^  solutions  at  different  acidities,  tha  other  conditions  being  tha 
same  as  in  previous  experiments.  Tha  results  of  these  experiments  art 
shown  in  Table  3*  In  cells  containing  perchlorate  solutions  only,  no 
appreciable  difference  in  platinum  lots  was  observed  between  pre-electro- 
lysed  and  non-pre-eleetrolysed  material,  however,  the  non-pre-electrolysed 
chlorate  anolyte  gave  a  considerably  higher  lose  than  the  pre-electro  lysed 
chlorate  solution. 

Platinum  losses  using  $.0  M  sodium  nitrate  solutions,  acidified 
with  nitric  acid,  as  anolyte  were  slightly  less  than  the  losses  in  sodium 
perchlorate  cells  of  corresponding  aoldity. 

It  was  apparent  from  the  preceding  experiments  that  the  presence 
of  chloride  ion  in  the  anolyte  was  an  important  factor  contributing  to 
platinum  loss.  Pre-electrolysis  of  the  experimental  solutions  resulted 
in  a  decrease  in  the  platinum  loss,  thus  substantiating  that  conclusion. 

An  effective  method  of  reducing  chloride  ion  concentration  in  aqueous 

« 

solution  is  by  preoipltation  with  silver  ion.  Accordingly,  two  experiments 
were  carried  out  in  which  electrolyte  solutions  were  treated  with  AgOlO^ 
and  the  AgOl  precipitate  was  removed  by  centrifugation.  The  supernatant 
solution  was  essentially  free  of  ohloride  ion,  but  contained  silver  and 
perchlorate  ions. 
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TABU  3 


Solution!  non-pra-alactrolyaad. 

Anodic  platinua  lots  m  a  function  of  Initial  acidity.  Anolyta: 

5.2  M  laOlOj  or  3.2  M  Va0104*  0.3  aaparaa,  30  dagraaa  0.  7-hour  alactrolyaia. 


Platinum  loaa 
(nicrograma) 


?'t.G?:C.7  solution at 

1  M  NaOE 

57 

(Catholyta-3.2  U 

Sautral 

125 

NaClOj  only) 

0.03  M  HCIO3 

161 

0.10  U  HCIO3 

483 

HaOlOj  aolutlona 

0.10  M  BCIO3 

374 

(Catholyta-3.0  M 

HaHOj  only) 

Va0104  aolutlona 

0.03  M  HCIO4 

182 

(Oatholyta-3.2  M 

0.10  M  HCIO4 

549 

IaC104 

14 


Result*  of  experiments  in  which  the  pre-treated  electrolyte  was  used 
are  given  in  Table  4.  The  acidities  at  which  those  experiments  were  car¬ 
ried  out  were  typical  of  those  for  which  high  platinum  losses  were  obser¬ 
ved  in  earlier  experiments. 


TABU  4 

Solution  pre-treated  with  AgO'104:  Anodic  platinum  loss  as  a  func- 
of  acidity;  5.2  M  laOlOy  0.005  £  AgClO^,  0.5  amperes,  30  degrees  C., 
7-hour  electrolysis. 


HO  10, 

(molSs/liter) 

Platinum  loss 
(micrograms) 

0.03 

0.5 

0.10 

4.0 

Copraclpltatlon  Ixoeriaente. 

From  evidence  in  preceding  experiments  the  marked  influence  of 
chloride  ion  concentration  on  anodic  platinum  lose  was  apparent.  In  an 
attempt  to  obtain  a  better  insight  as  to  the  platinum  species  in  solution 
due  to  anodic  dissolution  of  platinum  in  chlorate  electrolytes,  coprecipi¬ 
tation  experiments  were  undertaken  with  potassium  hexaohloroplatlnate(XT) , 
in  rnhieh  the  anion  is  fully  chlorinated,  and  platinum(IT)  oxide  4-hydrate. 
The  experiments  were  carried  out  by  adding  the  inaotive  platinum  compound 
to  50  ml.  of  the  anolyte  solution  which  had  been  previously  electrolysed 
for  7  hours,  at  30  degrees  0.,  and  at  a  currant  of  0.5  amperes,  the  Initial 
anolyte  composition  being  5.2  g  laOlOy  and  0.1  X  HOlOj.  Under  the  same 
conditions  adsorption  studios  of  the  unknown  platinum  species  on  aluminum 

15 


oxide  hydrate  (AlgOj.  HgO)  woro  also  sad*. 

The  result*  of  thee*  experiments  are  shown  la  Table  5» 


TABU  5 

Ooprecipitation  experiments  made  with  the  unknown  platinum  species 
in  solution  after  the  electrolysis:  Anolyt*  5.2  M  SaOlOj,  0*1  U  HC10j.0.5  amperes 
30  degrees  0.,  7-hour  eleotrolysls. 


Compound 

added 

Amount 

added 

(Srsms) 

Beaction 

time 

(hours) 

Distribution 
of  carrier 
(solid/solution) 

Distribution 
of  activity 
(solid/solution) 

VW16 

2.4375 

4.5 

1.23 

0.034 

PtOg.^HgO 

0.500 

0.3 

0.51 

0.34 

0.500 

4.0 

0.32 

0.52 

1.2847 

4.5 

1.09 

0.40 

0.500 

16.5 

0.074 

0.71 

AlgOj.HgO 

1.00 

16.0 

0.77 

0.058 

Based  on  the  results  of  the  distribution  of  activity  between  the 
carrier  and  the  unknown  platinum  species  in  solution  after  electrolysis, 
it  is  probable  that  the  dominant  species  more  closely  resembles  the  oxide 
than  it  does  the  hsxaohloroplatlnate(XY). 

In  order  to  determine  the  stability  of  hsxaehloroplatlnate(XV)  ions 
in  typical  electrolyte  solutions,  eoprseipltatlon  experiments  were  don* 
using  potassium  haxachloroplatinate(IY)  as  a  oarrlsr  for  radioaetiv*  hsxa- 
chloroplatinic  acid  in  chlorids  and  chlorate  media.  The  concentration  of 
the  radioactive  hexachloroplatinio  acid  was  of  the  same  ordsr  of  nagnituds 
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as  ths  concsntration  of  ths  platinua  spselss  la  solution  &us  to  ths  ano&lo 
platinum  dissolution  in  ohlorats  slsctro lysis  un&sr  ths  sans  conditions 
as  ihbse  used  in  previous  experiments,  for  comparison,  a  ooprselpltatioa 
szpsriasnt  was  dons  with  K^tOlg  carrier  and  radioactive  HgFtOlg  in  aqueous 
2  M  101  in  which  haxachloroplatinate(IV)  ion  is  stable  with  respect  to  hy¬ 
drolysis.  the  results  of  those  experiments  are  listed  in  Table  6. 

T ABU  6 

▼olune  of  solutioni  50  ml.  Amount  of  KgPtClg  oarrler  added:  1 
gram.  Badloaetire  HgPtOlg  concentration:  1.3  x  10“5  M.  (A)  Medium: 
Aqueous  2  £  XC1.  Reaction  time:  4-hours.  Carrier  added  immediately 
following  the  addition  of  the  radioactive  hexachloroplatinle  acid.  (B) 
Medium:  aqueous  5.2  M  VaOlOy  0.1  M  BOlOy  Reaction  time:  4-hours. 
Oarrisr  added  immediately  followlhg  the  addition  of  the  radioactive  hexa- 
chloroplatinlc  acid.  (0)  Medium:  aqueous  5*2  M  laOlOy  0.1  M  HQlOy 
Reaction  time:  12-hours.  Carrier  added  4  hours  after  ths  addition  of 
the  radioactive  hexachloroplatinle  acid. 


Ixperiment  Distribution  of  Distribution  of 
carrier  activity 

solid/solution  solid/  solution 


A 

6.20 

0.36 

B 

0.59 

0.058 

0 

0.52 

0.001 

DI8CU38I0II 


Badloehenical  experiments  war*  limited  in  coop*  because  of  th*  short 
half-Ilf*  (18  hr*.)  of  radioactive  platinua  197.  levertheless,  It  1*  f*lt 
that  th*  results  of  th*«*  experiments  give  sob*  insight  into  th*  factors 
influencing  platinua  loss**  in  ehlorat*-p*rchlorat*  coils. 

With  chlorat*  electrolytes  in  which  th*  ehlorid*  ion  concentration 
was  negligibly  low.  platinum  loss**  wer*  *xtr*n*ly  snail.  In  th*  pr*s«no* 
of  even  snail  ehlorid*  concentrations,  such  as  thos*  present  as  impurities 
in  a  typical  solution  of  r«ag*nt  grad*  sodiun  chlorat*  (in  5.2  M  NaClOj 
th*  ehlorid*  concentration  was  2  X  10"^  H) ,  th*  loss**  w*r*  significantly 
large.  Addition  of  sodiun  ehlorid*  in  excess  of  that  normally  present  as 
cont ail nation  resulted  in  increased  dissolution  of  platinum,  and  th*  addi¬ 
tion  of  increments  of  ehlorid*  after  electrolysis  had  proceeded  long  enough 
to  rid  th*  solution  of  th*lr  original  ehlorid*  ion  contents  resulted  in 
additional  platinum  losses  very  nearly  proportional  to  th*  amounts  of 
chloride  added.  There  seems  to  be  little  reason  to  doubt  that  th*  princi¬ 
pal  cease  of  platinum  dissolution  in  ohlorat*  electrolytes  was  th*  presence 
of  chloride  ions,  either  as  original  contamination  or  as  th*  product  of 
cathodic  reduction  of  chloride  containing  species.  In  diaphragm  cells, 
th*  electrolysis  of  chlorate  solutions  in  which  th*  ohlorld*  was  removed 
by  precipitation  with  silver  ion  or  by  pre-electrolysis,  resulted  in  the 
expected  decrease  in  anodic  platinum  loss.  Among  other  factors  oausing  in¬ 
creased  platinua  loss  was  an  increase  in  acidity. 

Electrolytic  oxidation  of  ohlorat*  to  perchlorate  at  the  platinua 
anode  haa  been  attributed  to  th*  formation  of  an  unstable  higher  oxide  of 
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platinum  (presumably  PtOj)  at  the  electrode  surface.  larly  observers**  pro- 
poiad  tha  fo nation  of  aa  anoda  f  11b  of  PtOj  which  was  obtained  at  high 
currant  densities.  It  la  doubtful  that  gross  amounts  of  tha  highly  oxidised 
Material  ware  obtained  in  tha  light  of  later  results.  Ixperlments  ware  re¬ 
ported  in  tha  literature^  in  whioh  practically  pure  PtOg.nHgO  was  deposited 
in  tha  anoda  compartment  after  electrolysis  of  dilute  sulfuric  alcd  at  a 
platinua  anode.  The  nature  of  the  oxide  wae  determined  by  ordinary  analy- 

'4 

tlcal  aethode.  In  these  experim&ts  an  "undulant*  current  (an  alternating 
current  superimposed  on  dlreot  current)  wae  used.  On  the  baeia  of  thie 
report  it  is  supposed  that  the  fils  observed  at  the  platinum  anode  after 
the  electrolysis  of  concentrated  aqueous  sodium  perchlorate  was  a  hydrated 
platlnum(IV)  oxide.  Whether  the  film  is  comprised  of  PtOg.nHgO  or  PtOj 
it  may  be  presumed  that  the  dissolution  of  the  oxide  in  dilute  hydrochloric 
acid  led  to  the  formation  of  soluble  oxychlorides,  and  is  the  principal 
contributer  to  anodic  platinum  losses  accompanying  the  electrolysis  of 
aqueous  chlorates. 

Although  coprecipitation  experiment •  yielded  only  suggestive  results, 
they  showed  quite  clearly  that  hexachloroplatinate(IY)  ions  were  unstable 
under  the  electrolytic  oell  conditions  employed.  Because  of  the  greater 
percentage  eoprecipltation  of  the  product  of  anodic  dissolution  with  platl- 
num(IY)  oxide  4-hydrate  it  may  be  argued  that  the  solution  species  of  prin¬ 
cipal  concern  are  oxycations  or  oxyohloridss,  probably  having  a  wide  range 
of  compositions. 

5j.  f.  Mellor,  *A  Comprehensive  Treaties  on  Inorganio  and  Theoretical 
Chemistry,  Yol.  l6,  Longmans,  Croon  and  Oo.,  Vow  York,  (1937)  P*  248. 

6S.  Altmann  and  R.  H.  Busch,  Trans,  faraday  Soc.  4£,  720  (1949). 
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Although  the  presence  of  Ohio  rid#  substantially  increased  ths  anodle 
platinum  lossss  resulting  from  ths  alsotrolysls  of  parehlorata  solutions, 
platinum  lossss  wars  significant  in  asssntially  chlorl&s  frts  psrohlorats 
slsotrolytss.  This  phsnonsnon  say  bs  attributad  to  tha  hlghar  anoda  po- 
tantial  azhibitad  in  such  solutions. ^  Substitution  of  nitrate  ions  for 
parehlorata  Iona  lad  to  relatively  little  ehange  except  to  daoraaaa  plati- 
nun  dissolution  slightly. 

The  importance  of  stable  chloride-containing  platlnua  solution  spe¬ 
cies  to  the  coaplete  understanding  of  anodic  platlnua  loss  receives  sub¬ 
stantiation  fron  comparison  of  detailed  results  obtained  in  experiments 
with  perchlorate  electrolytes  in  the  presence  and  absence  of  chloride  ions. 
Under  otherwise  comparable  conditions  the  larger  solution  concentrations 
of  platinum  species  were  observed  in  the  presence  of  chloride  while  the 
greater  cathode  deposits  of  platinum  were  observed  in  its  absence.  It  must 
be  concluded  that  the  presence  of  chloride  was  responsible  for  the  forma¬ 
tion  of  a  more  stable  solution  speoles. 

7j.  V.  Hacks tt  and  M.  A.  lineman,  Sept,  of  Chemistry,  Providence  College, 
Technical  Report  to  the  Office  of  Vaval  Research,  Contract  Vonr-1213(00), 
December  31,  1953* 
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